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ABSTRACT

The expected communlcations capability for the IM
operating at lunar range with an 85' MSFN station 1s evalu-
ated for the case of a LM configured without an erectable
antenna. The results which are presented show that positive
margins are (in the worst case) expected for the Phase Modu-
lated (PM) modes provided that 20 watts are transmitted from
the LM steerable antenna. The results further show that
negative margins are expected for all the IM Frequency Modu~
lated (FM) television modes (in the worst case). For the
back up modes using the omni antenna, positive margins are
expected provided that 20 watts are transmitted from the LM
and each service (back up voice, 1.6 kbps TLM, or ranging)
is transmitted separately. It is expected that in spite of
the negative margins of the ILM-FM modes, these modes will
provide usable data (the negative margins are expected to be
least detrimental to TV). However, the EVA biomed back pack
data will probably be lost.
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MEMORANDUM FOR FILE

The performance of the communications link between
the LM and the MSFN has been evaluated to determine the communi-
cations functions that can be maintained without deploying on
the lunar surface the erectable antenna carried by the LM. The
antenna systems considered in this analysis include the steerable
and omnidirectional antennas on the LM and only those stations of
the MSFN equipped with 85-foot diameter antennas. The results
that have been obtained are summarized below and are presented in
Table I. Further details and the threshold criteria used in this
analysis are contained in the appendix. The results presented in
this memorandum represent an updating of the results in Reference 1.

The quality factor or power margin (My) which has been
used in this evaluation is defined as the amoung by which the
total received signal power exceeds that which is required for

the circuit margin of the selected service to equal zero. The
power margins which are presented in this memorandum; therefore,
represent directly the magnitude (in decibels) that the "trans-
mitter power - antenna gain" combination may be allowed to degrade
(1f Mp>0) or the magnitude (in decibels) that this combination
must be improved (if Mp<0) for that communication capability to
exist.

The following is a summary of the major results:

1. The up~link margins are positive if 10 KW is transmitted
by the MSFN station (85') to either the LM steerable or
LM -omni antenna; however, it is noted that the power
margin of the up-voilce and up-data channels using the
LM omni antenna is only 0.8 dB in the worst case (full
PM up-link mode and worst case parameters).

2. The down-1ink (using the LM steerable antenna, the
. MSFN (85') antenna, and a vehicle transmitted power
of 20 watts) margins are positive in the case of the
PM modes.
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3. The down-link FM modes (using the steerable antenna
and high RF power - 20 watts) provide positive
margins for only the television and 1.6 kbps
links (nominal conditions only).

b, The 1.6 kbps TLM, the down-link back-up voice
and the ranging channels each have positive
margins if each is transmitted by itself with
20 watts from the IM omni antenna to the MSFN station
(85' antenna).

5. The negative margins shown in Table I, particularly
in the FM television modes are not intended to imply
complete loss of data. The voice/biomed channel
for example has been demonstrated as a usable
channel (with degraded intelligibility). For
telemetry, ghe margins are related to a bit error
rate of 10-°, Negative margins indicate an error
rate in excess of 10-6, (For example, a margin
of -2dB implies a bit error rate of 10-14)y,

Conclusions

At lunar range, all of the PM modes of the LM
operating with an 85-foot station of the MSFN can be expected
to perform with positive power margin when using the LM
steerable antenna even when operating under worst case con-
ditions. When the LM configuration employs an omnidirectional
antenna, low rate telemetry (1.6 kbps), back up voice or rang-
ing can be supported when each is transmitted alone. Marginal
but usable performance is exhibited when back-up voice and low
rate telemetry are transmitted simultaneocusly from an LM omni
antenna. The LM FM modes which include television all exhibit
marginal or negative margins when transmitted from the LM
steerable antenna to an MSFN 85-foot station. When operating
in the FM modes, television should perform better than either
the voice or telemetry channels. In the modes with television,
it is expected that voice and low rate telemetry will be degra-
ded but usable; the biomedical (back pack) telemetry which is
transmitted via the voice channel will probably be lost.
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APPENDIX T

Purpose

The purpose of this appendix is to present more
detalled results than those given in Table I and to present
data that was used in the power margin calculations,

The system parameters which were used in this
analysis are those contalned in the NASA-MSC/ISD master
parameter list dated March 12, 1968 and in the MSC Internal
Note MSC-EB-R-67-1!, "A Performance Analysis of the Apollo
Unified S-Band Communications System for a Typlcal Lunar
Mission", by D. G. Arndt, C. T. Dawson and R. W. Moorehead,
dated May 2, 1967. Table A gives the power margins, Table B
gives the threshold criteria, and Table C glves the received

signal powers which can be expected using the LM-MSFN (85')
link.

The results of the power margin calculations in
Table A are llsted with two decimal places to maintaln a
higher correlation between the results presented and the
numerical output of the computer program used in this
analysis. For further calculations using the results
presented, the magnitudes of the power margins should be
rounded off to one decimal place because this is the accuracy
to which the system parameters are specified.

1The required input signal to noise ratios for the FM
modes were taken from this document.
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